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AIISTRACT
Anecdotal rcp01ts from triathlctcs, highlight the transition fniin cycling to running as
the most difficult due to the change from non-weight hcari!llg <.:yc.:ling rn.:tivity to
weight hearing rnnning activity. The aim of this study wa� to examine lhc effects of
prior cycl!�1g on activation of lower limh muscles in running during an Olympic
distance triathlon. Ten elite level triathlctcs underwent two conditions; a 40km ride
fol\owc<I by a 2km run and a 10km run followed hy a 2km run, at their Olympic
distance race pace. Testing was carried out in the field with al lcust one week
bP..iween tests. EMO data from selected lower limb muscles in addition to
accelerometer data to determine heel strike and toe-off were collected using a
portable data logger. The vastus latcralis (YL), vastus medialis (VM), rcc.:tus fcmoris
(RF), biceps femoris (BF), gastrocnemius (GS) and gluteus maximus (GMJ were
analysed due to their ease of measurement via surface electrodes and because of their
important role in both running and cycling. Datu was processed to provide both the
lev�I of activation and time of activation variables for all the abovemcntioned
muscles in both conditions. RMS processing of the EMG signal was used to evaluate
the level of activation with the signal being normalised to each subject's maximum
and represented as a percentage. Time of activation was calculated from the
ensemble average of the six measured strides in each of the three sections of time
using a 10% of maximum activation threshold detector. A repeated measures
ANOVA with two within subject variables was used to evaluate the statistical
significances (p.,:0.05) between the conditions and across time for each muscle for
both the flight anc1 stance phases. The results revealed increases in level and time of
activation during stance for the VL and VM and are seemingly related to the change
from a non-weight bearing activity (cycling) to a weight bearing activity (running). A
greater demand on these muscles is assumed to occur for stability of the knee joint.
During flight it is thought that increases in the level and time of activation of the VL
and \/Mare due to the changes associated with the change from a concentiic muscle
contraction in cycling to stretch shortening cycle in running. The greater magnitude
in both level and time of activation of the BF for the run/run condition are considered
to be due to a greater level of fatigue of this muscle during 10km running compared
with 40km cycling. Change in the time of activation of the RF may be <luc to the
difficulties in flexing the hip in flight and its synergistic role with the VL and VM in
extension of the knee.
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CIIAl'l'ER ONE
1.0 INTRODUCTION
1.1

Hackground

Triathlon, as the name suggests, is a multi sport event consisting of a swim, cycle and
run leg with shoi1 transitional times between them. Success is partially dctcnnincd by
the ability of an athlete to overcome difficulties in the change fro111 one discipline lo
another, and with haste. This requires a large amount of trnining for each of the three
disciplines.
There are many different and versatile events in triathlon. ranging from short
distance through to an ironmnn event. The nev,•ly created Olympic distance triathlon
consists of a 1500m swim, 40km cycle and a 10km run. Triathlon is a widely
populated sport with many countries participating. Triathlon had its debut in the 2000
Olympics, which was contested by 48 female and 52 male competitors (Dcutshcr,
20CO). The International Triathlon Union (ITU) has been successful in maintaining
the inclusion of triathlon for the 2004 Olympics in Athens.
It is proposed that the format of the triathlon; swim, bike, and run. is advantageous
toward athletes who can run well off the bike under fatigued conditions (Williams,
2000). Traditionally, drafting during the cycle leg of triathlons has been illegal.
however, with the push for a higher profile for the sport of triathlon. drafting during
the cycle leg of Oiympic distance triathlons was recently legalised to increase
spectator value. With the advent of drarting, it has been suggested that these races are
dominated by the fastest runners and not necessarily those competent in all three
disciplines (Williams, 2000).
Anecdotal reports, from triathletes, highlight the transition from cycling to running as
the most difficult. This transition involves both a change of equipment and a change
from non-weight bearing cycling activity to weight bearing running activity. This
transition requires the coordination of the leg muscles to be maintained whilst
shifting from a predominantly concentric type of muscle activity in cycling, to the

stretch shortening activity used in running (Millet, Millet, Hofmann, & Candau,
2000; Quigley & Richards, 1996).
To the investigators best knowledge, studies which have examined muscle activation
in running after a cycling bout, have hecn carried mtl in controlled lahonitory
situations. Very few studies have studied the effects of cycling on a subsequent
running bout (Hausswirth, Bigard, Berthelot, Thomaidis, & Guczcnncc, 19'XiJ.
Several studies, (Hue, Le Gallais, Chollet, Boussana, & Prefaut, 1998; Millet ct ::11.,
2000; Millet & Vlcek, 2000; Quigley & Richards, 1996) have examined the change
in biomechanical variables such as stride rate, stride length, and mechanical work m
running after cycling.
Witt (1993) examined muscle activity of the lower extremities in runnmg after
cycling, in laboratory conditions, and found significant differences in the activation
of selected leg muscles when compared to running alone. However, Witt's study
involved a run followed by a bout of cycling and then another run all within the one
testing session. Therefore, the results may only be significantly different due to the
changes in electromyography (EMO) during muscular fatigue. which was not
controlled for in Witt's study.

1.2
1.2.1

Significance of the Study
Whilst other studies have examined the effect of cycling on muscle activation
in running, they were carried out in controlled laboratory situations and did
not control for fatigue, which is known to affect EMO (Will, 1993). This
study examined two conditions, cycle/run (40km cycle, 2km nm) and run/run
(10km run, 2km run) undertaken on separate occasions to control for this
factor.

1.2:2 The level of activation of the rectus fcmoris, biceps femoris and vastus
lateralis is significantly different between over ground and treadmill running
(Wank, Frick, & Schmidtbleicher, 1998) therefore, this study was carried nut
in the field to provide results that were more closely related to actual triathlon
competition.
2

1.3
l.:U

Purpose of the Study
To examine the change in the muscle aclivation of the lowcr cxtrcmities
during the initial 2km of running af'tcr a 40km cycle. This was Jont hy
making comparisons

or lower limb muscle activation undcr two Jiffen:nt

conditions. these heing a cycle/run and run/run.
l .3.2 To measure. and compare hctwcen the abovemcntioncd conditions, the extent
of activation dwngcs and the level of change over three measured sections of
the 2km run. These measured sections consisted

ur the first .';ix steps once

race pace had been reached, the last six steps or the first kilometre and the
final six steps of the second kilometre before speed was reduced.
1.3.3

To determine whether the level of muscle activation would become similar to
the activation of the run/run condition within the 2km period studied.

1.3.4 To justify, on biomechanical grounds, the importance and or relc\'ancc of
training specifically for the transition from bike to run associated with the
sport of triathlon.

1.4
1.4: 1

Limitations of the Study
Limitations

1.4.1.1 It was assumed that a 10km run would create an equal level or fatigue as a
40km cycle.
l.4.1.2 Testing was closely controlled to match environmental conditions for each
trial and subject.
1.4.2

Delimitations

l.4.2.1 All subjects were high-level triathletes with top 10 state rankings.
1.4.2.2 The use of each individual's own equipment eliminated facttlrs n:lating to
equipment set up.

.1

1.4.2.J
1.5
1)

All sub,iects were between 20 to :Vi years of age.

Researdt Questions

What is lhl· effect uf a --lOkm cycle on the kvcl and time of activation ol va:-.tu:-.
lati:ralis, vasllls medialis, rcctus fcrnons, hiccps fcmons, µluteu:-. rnax1rnus ,mJ
gastrncncmius in running'.'

ii) Docs the level and time of muscle activation change within the fin,t 2km of a
IOkm run'?
1.6 Hypotheses
The hypotheses proposed for this study were:
i)

The level and time of activation of the sampled leg muscles during running after
cycling when compared to running after an equally fatiguing run at three stages
(0km, 1km, 2km) will be significantly different.

ii) There will be a significant interaction between condition (cycle/run and run/run)
and time.
1.7

Definition of Terms

Explanation of the terms used m running and cycling in this thesis arc provided
below:
1.7.l Running Tem,s
• Foot sttike: the time at which the foot makes contact with the ground.
• Toe-off: the moment when the toe ceases to have ground contact.
•

Stance phase: the portion of the stride beginning at heel strike and ending at toc
off.

•

Midstancc: the part of the running stride midway between heel strike and toe-off.

•

Flight phase: the time during the running stride between toe-off and foot strike.
when the foot of the selected leg is not touching the ground. This consists of
early swing, middle swing and late swing.

•

Early swing: begins with toe-off and ends at contralateral heel strike.

•

Middle swing: begins al contrnlateral heel slrike and ends al i.:onln.1laternl loc-nff
in the running stride.

•

Late swing: hcgins at contralatcral toe-off and ends al fool stnkc.

•

C'ontralatcral: the opposite limb to the one hcing studicd or measured.

1.7.2 Cycling Terms
•

Cadence: pedalling rate.

•

Pedal revolution: an entire 360 ° rotation of the pedal crank. This consists of a
propulsive and recovery phase.

•

Propulsive phase: 0 - 180 ° of the pedal revolution beginning at the top. 0° is top
dead centre.

• Recovery phase: 180 - :i60° of the pedal revolution. 180° is when the crank is
bottom dead centre.
• Toe dips: pedals that have straps that can be tightened over the subjects foot.
• Clipless pedals: specially designed pedals, that match fittings on the bottom of
·cyclists shoes, that lock together.
•

Pedal upstroke: another description for the recovery phase of pedalling.

1.7.3 Triathlon Te!111S
• Transition: for the purpo se of this study is considered the time from the cessation
of cycling up to the 2km point in the run

5

CIIAl'l'ER TWO
2.0 REVIEW OF LITlcRATURE
'fhis review of literature will discuss the following fa<.:tors pc1tincnt to this study:
Muscle Activation in Running

2.1
, '"'

Muscle Activation in Cycling

2.3

The Transition Stage in Ttiathlon

2.4

Influence of Fatigue on EMG

2.5

Processing of EMG Data

2.1

Muscle Activation in Running

Running involves a ra�t sequence of contraction and relaxation of the lmvcr limb
muscles due to the alternation of foot stri\:.?. and night phases (Mero & Kami, 1987).
Muscle activation in running is related tn the contraction of the muscles and the
phase of the stride at which the activation is measured. The leg muscles to be
examined in this study and their individual activiti:es throughout a running sttide arc
discussed below.
2.1. l

Rectus Femoris

The rectus femoris (RF) muscle crosses two joints and is used in both hip llcxion and
knee extension (Nilsson. Thorstensson, & Halbertsma,

1985). Studies by

Montgomery, Pink and Perry (1994) and Nilsson et al. (1985) found the RF to have
its greatest activation during foot strike, where it works together with vastus lateralis
(VL) and vastus mrdialis (VM) to stabilise the knee throughout the stance phase.
The activity of RF remains high and continues to provide propulsion during toe-off
due to its role in knee extcni-ion. The RF is still active during early swing however.
the level of activ: .ion is somewhat lower than during foot strike (Montgomery ct al..
1994; Ounpuu, 1994).

6

Montgomery ct al. ( 1994) an<l Ounptlll ( 1994) proposed that the RF con1 r:1cted
eccentrically during early swing thereby co11trolli11g the extent to which the lowcr leg
llcxes at the knee. The RF <lisplayed increased EMCi <tctivity whilc controlling the
hip extension ;mtl preparing to initiate hip flcxion during mi<ltlle swing. It was also
found to assist the vastii muscles in controlling knee flcxion at this �,age
(Montgomery ct al., 1994). A cessation in the activity of RF immediately prior to
heel strike in running has been identified by both Mero & Korni (1987) and
Montgomery ct al. ( 1994 ).
Nilsson et al. (1985) in their comparison of muscle activation changes i-clatcd to the
sp�ed of locomotion, showed the RF to be more active in hip flexion as the speed or
locomotion increased. This highlights the findings of Mann, Moran and Dougherty
(1986) and Montgomery ct al. (1994) which concluded that the hip flcxors arc highly
involved in providing forward propulsion in running.
2.1.2

Vastus Lateralis and Vastus Mcdialis

The VL and VM are both single joint muscles. During running their primary role is
in stabilising the knee during foot strike (Montgomery ct al., 1994: Nilsson ct al..
1985). VL and VM exhibit only one period of high activity du1ing running. th<lt
being during the stance phase. However, these muscles do demonstrate some activity
when extending the knee in preparation for foot strike during !he late swing phase.
The activity of VL and VM decreases rapidly during the propulsive action at toe-off
(Montgomery et al., 1994).
The VL and VM muscles have a significantly greater activation than the RF during
foot strike (Montgomery et al., 1994). Neve1thclcss, when compared with each other
there were no significant differences between the activation of the VL and VM. This
highlights the role of these muscles to act as one unit in stabilising the knee
(Montgomery et al., 1994).
2.1.3

Gastrocnemius

Activity of the gastrocnemius (GS) begins during late swing and continues
throughout the stance phase (Mann ct al., 1986: Ounpuu, 1994). Activity in this
muscle terminates at the end of stance (Ounpuu, 1994). The GS displays the least

7

amount of activity directly after toe-off when the heel moves toward the hip (Mero &
Kmni, 1987).
Mann ct al. ( 1986) anJ Reher, Perry and Pink ( ICJ9J) suggested thut the (jS may play
a role in stabilising the ankle at foot strike and during the stance phase, as the centre
of gravily moves anterior to the foot. In their study of must:ular control of the ankle
in running, Reber ct al. (199J) recorded peak activity of the GS at 70% and 80'{, of
maximal muscle contraction during the midstancc phase of running. This study also
showed that increases in muscle activity coincided with increases in running
velocity.
Mero and Komi (1987) in their study of sprint running found the GS to be highly
active during the propulsive action at toe-off, suggesting t he importance of this
muscle during the push off in sprint running. Mann ct al. (1986) had similar findings
in their study of jogging, sprinting and running, where the GS was said to initiate
plantar tlexion of the foot, which therefore initiates toe-off. Interestingly these
findings have been criticised by Reber et al. (1993) since their study showed peak
activity of the GS occurring during midstance and then decreasing prior to toe-off,
eliminating its role in propulsion.

2.1.4 Biceps Fcmmis (long head)
Montgomery et al. (1994) found the BF (long head) to have two periods of high
activation. These periods of activity were displayed during midstancc and late swing.
During stance, Bf, initiates hip extension and in swing the BF works with gluteus
maximus (GM) to extend the hip (Montgomery et al., 1994). Pinniger, Steele and
Groeller (2000) suggested that during late swing the hamstring muscles arc
responsible for controlling the forward swing of the thigh, via an eccentric
contraction, in readiness for foot strike.
2.1.5

Gluteus Maximus

Gluteus maximus (GM) is a single joint muscle that originates at the iliac crest and
inserts into the femur. In running, this muscle a cts p1imarily to provide extension at
the hip (Nilsson et al., 1985).
8

In a study of muscle w.:tivity in relati on to the speed of locomotion, Nilsson d al.
(1985) found activity occurring in GM as the hip was extending prior to foot strike.
Montgomery ct al. ( 1994) found the GM to he highly active during foot strike and
from their findings suggested a relationship between GM activation and thl'.
stabilisation of th!! hip during font strike.
Two investigations (Mann ct al., 1986; Nilsson ct al., 1985) discove red that earlier
activation of the GM coinci ded with an increase in running velocity. This led Mann
et al. (1986) to believe that the GM is responsible for slowing rotation of the thig'.·
p1ior to foot strike. Nilsson et al. (1985) however, suggested a shift in the initiation
of activity of GM occurring late in hip flexion.
The activity of GM decreases quickly during the propulsive action during IOC··Off
(Mero & Kami, 1987). Activ!ltion remains low until the !ate swing phase where the
activity begins to increase once again (Montgomery et al., 1994).

2.2

Muscle Activation in Cycling

The GM and the hamstring group are used primarily to produce hip extension during
pedalling (Clarys, Cabri, & Gregor, 1988). MacIntosh, Neptune and Ho11on (2000)
described the GM as one of the primary power producing muscles in cycling. Gregor,
Green and Garhammer (1981) found the highest activation of the GM to occu r during
OA5 ° of the propulsive phase, whereas highest activation of the hamstring was
measured during the last 45 ° (135' to 180°) of the eropulsive phase. The VL and VM
are active during the propulsive phase to 15° past the horizontal. The activation of
the RF begins during the last 90 ° of the recovery phase \vhen extending the hip. Its
activity continues for the first 60° of the propulsive phase, indicating its role in the
production of power.
Figures 1 and 2· present the findings of Ericson, Nisell, Arborelius and Ekl10lm,
(1985) for muscle activity of selected lower limb muscles during cycling. Figure I
shOws a peak activity of RF of 12% of maximal voluntary contraction (MVC). In
Figure 2, the VM and VL can be seen to have the highest activation with 54% and
50% respectively.
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Analysing muscle activation in cycling run be very difficult due to i ndi vidua\
alterations in saddle height and saddle position (Clarys ct al., l 988 ). Saddle hdght
has been shown to change muscle activity of the RF and BF, however. this change
was not shown to cause a significant difference (Clarys ct al., 1988 ). Ericson ct al.
(1985) found that increases in saddle height caused the activity of the gastrocncmius
medialis to increase but fc.;Jnd nr:! significant differences for the other muscles when
saddle height was adjusted.

Increases in workload have been found to significantly increase the activation of all
muscles (Ericson et al., 1985). Increases in cadence had a similar effect however, RF
and BF were not affected by the cadence.
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Figure 2. Muscle activation of the vastus media\is (VM), vastus lateralis (VL) and
gluteus maxirnus (GM) muscles throughout a cycle revolution
Competitive cyclists and triathlctes usually use tne-clips, or cliplcss pedals for
competition and training. Ericson ct al. (1985) found the toe-clips worn by
competitive cyclists are often used to assist the pedal upstroke, allowing the cyclists
to maximise the use of all lower limb muscles during the entire pedal revolution.
Interestingly, the use of toe-clips causes significant changes in the activation of
s·everal muscles. The RF and BF showed increases in activation whilst the VM and
VL recorded decreased activation (Ericson et al., 1985). Clip\ess pedals function in
much the same way as toe clips, allowing force to be applied to the pedal on the
upstroke therefore, it can be assumed that these would result in the same activation
changes.
2.3

The Transition Stage in Triathlon

A paucity of rnsearch has been undertaken to ex.amine the biomcchanical parameters
of rum1ing after cycling. Of these studies, st1ide frequency and stlidc length arc the
most commonly considered variables, as they in combination determine running
velocity. It should be noted that all these studies have been curried out in laboratory
I1

settings on treadmills. Wank ct al. (1998) fount! a difference in stride length, slritk
frcque111.:y :.md EMG musdt.: :.1ctivatio11 ht.:twcen overground and treadmill running.
Hue cl al. ( 1998) fount! prior cycling to have no effect on the stride length imd slri<le
frequency of a subsequent run. However , Hausswi1th ct al. (1996) in their s1udy
compming triathlon and marathon running did encounter changes in stride lcnglh
following a preceding ride. A study examining kinematic variables in running uftcr
cycling (Quigley & Richards 1996), found no significant differences and declared
specific transition training to be unnecessary.
To the investigator's best know!,'!dge, only two studies have examined the effect of
prior cycling on the muscle activity of the legs in running using EMG. Haussw1rth,
Brisswalter, Vallier, Smith and Lepers (2000) in their study of u prolonged run (2
�ours & 15 minutes), a triathlon run (45 minute run after 40km cycle) and an iso!ated
run (45 minutes) measured the EMG activity of the vastus latcralis. Findings from
this study indicated that less muscle activation was evident during the triathlon run
compared with the prolonged run. Witt (1993) found changes in muscle activation of
the leg muscles after cycling. Specifically, activation began earlier in the stride and
activation times were extended with the greatest vnriations in the vastus lateralis,
tibialis anterior, and tensor fascia latae. However, the above study did not control for
the effect of fatigue on EMG data.
2.4

Influence of Fatigue on EMG

When muscles are fatigued the surface EMO signal changes (Redfern, 1992; Winter.
1984). According to Redfern (1992) there arc two commonly cited changes in the
EMO signal. Firstly, the amplitude of the signal increases for a given task and
secondly, the largest magnitude for a sustained isometric contraction occurs at a
lower frequency than the same contraction measured in a non-fatigued state.
The increases in EMO due to fatigue have been attributed to several factors. They arc
the recruitment of new motor units, an increase in the synchronisation of motor unit
firing, and a reduction in conduction velocity (Potvin & Bent, 1997: Winter, i 990).
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Winter ( 1990) found that the maintena nce of constant tension in Lhe muscles. after
the onset of fatigue, required the recruitment of new motor units

to

make up for the

decre:ised firing rate of previously recruit•.:tl units. It w:1s also su!--(gested by Winter
( 1990), that decreases in the pcuk twitch tensions of the motor units were
compensated hy increases in their contrnction times. This finding w:1s also
highlighted by Pinniger cl al. (2000), who found an increase in tile duration of FM(j
activity in a muscle during fatiguing tasks of long duration.
Fatigue involves neuromuscular changes, the failure of force, or a decrease

111

tension

(Tschoepe, Sherwood, & Wallace, 1994) and is dependent upon the task being
undertaken (Enoka, 1995). For example, Haulier ct al. (2000) found that fotiguc of
the agonist muscles increased the activation of the antagonist muscles.
In a study investigating neuromuscular fatigue in running after prolonged cycling.
Lepers. Hausswirth, Maffiuletti, Brisswalter and Van Hoecke (2000), concluded that
the impairment of muscle function was unrelated to the type of contraction. Garside
and Doran (2000) and Millet and Vlcek (2000), however, found a decrease in the
efficiency of stretch-shortening movements like running when fatigued, due to less
energy being stored in the muscle structure under fatigued condition s. Fu11hcrmore,
fatigue has been found to alter leg stiffness, thereby altering stride length and stride
frequency in the gait cycle (Garside & Doran, 2000).
The changes in EMG under fatigued conditions as ou tlined above show the
importance of controlling for the effect of fatigue on EMG. If this change in EMG
signal is not controlled for, the results could be misinterpreted to indicate changes to
activation that may not exist. Therefore, this study will control for fatigue using a
second pre-fatigued run condition with which to compare the findings.
2.5

Processing of EMG Data

Normalisation of EMG data is the process of establishing a standard reference from
which comparisons among mus:lcs, individuals and trials can be made (LeVcau &.
Andersson,

1992).

Normalisation assists in overcoming changes

m

the

electromyographic signal due to slight changes in electrode placement. temperature.
and differences in subcutaneous fat between subjects (LeVcau & Andersson. 1992).
13

There arc many methods to normalise EMG data, the rnosl common of which is a
maxinwl voluntary contraction (MYC). In recent literature, this rm:thod has hct:n
reviewed to dclermine its dfcclivencss in the nonnallsation of dynamic activ1tie�
such as gait \\'here the muscles arc continually changing in length (LcVeau &
Andersson, 1992).
A shortcoming of normalisation is that it retains large intcrsuhjcct vuriahility
(LcYcau & Andersson, 1992: Yang & Winter, 1984). In a study examining wulking
Yang and Winter ( 1984) compared a 5QfK, MVC with two different mcthods of
ensemble averaging, they being normalisation to peak amplitude and mean ensemble
EMG over each stlide. The result re.vealed smaller intersubject variability when
using the

ensemble averaging

methods

of nonnalisation.

Consequently,

nom1alisation to the peak or mean value of the EMG signal ha£ been used in several
studies of dynamic activities (Clarys, Public, & Zinzen, 1994; Lucia, Sanchez,
Carvajal, & Chicharro, 1999; MacIntosh ct al., 2000).
Other studies have used ensemble averaging, by using the mean linear envelope of
the amplitudes for each subject, to quantify lhe relative intensity of the signal during
a gait cycle. Ensemble averages have been used in several studies (Clarys ct al.,
1994; Hubley-Kozey & Earl, 2000; Nawoczcnski & Ludewig, 1999) as a qualitative
tool to represent graphically the dala relating to significant findings. Bogey, Barnes
and Perry (1992) suggested that ensemble averaging of data in gait studies provides
the best indication of a subject's "typical EMG profile" due to the easy depiction of
the actual amount of EMO activity. Yang and Winter (1984) also found this method
to be indicative of an individual's actual EMG pattern and highlighted its case of
calculation without the need for technical software packages and the collection of
extra data.
The root mean square (RMS) of the EMG signal is commonly used to determine the
amplitude of the EMG signal due to its ability to reveal the full extent of the
myoelecttic activity (Lucia ct al., 1999). MacIntosh ct al. (2000) used the average
RMS values for individual muscles, normalised to the individual maximum. to
represent overall muscle activity and provide comparisons between subjects.
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2.6

The list• of i\4..·celeromcters in (;uit Stuclies

Conventional mcthoJs of gait analysis have used footswitchcs to deterrnim.: striJc
variables such as heel strike un<l toc-nff. According to Willemsen, Blocmhof and
Boom (1990) "footswitches ... lack mechanical robustness, while their potential for
fm1hcr improvement ... is limitc<l."
The use of accelerometers in the measurement of high accelerations like those
experienced during heel strike has been deemed useful (Whiltle, 1991). In a stud:
which examined the use of an accelerometer to detect stance and swing phases in gall
Willemsen et al. (1990) compared accelerometer readings against footswitch data lo
determine the exact points of interest. A clearly visible peak represented heel strike,
whilst toe-off was characterised by another smaller peak in acceleration.
Kim, Voloshin, Johnson and Simkin (1993) found the accelerations due to heel strike
to be reduced when measured further away from the leg, indicating the effect of
placement and location on the acceleration pattern. This is fu,thcr highlighted by
Willemsen et al. (1990) who measured higher values of acceleration at heel strike
when accelerometers were placed closer to the ankle, indicating the damping effect.
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CIIAl'l'EK TIIKEE
3.0 MATERIALS AND METIIOIJS
3.1

Target Population

Ten elite triathlctcs within the age range of 20 to 35 years of age were invited to
participate in this study. Selection was based on their performance at the WcslCrn
Australian State Olympic distance championships. The maximum time for these
subjects was 2 hours and 5 minutes for an Olympic distance triathlon.
The researcher carried out all data collection within a four-month period. All subjects
completed testing on the same pre-designed cycle and run course. Informed consent,
in accordance with the Edith Cowan University Ethics Department was obtained
from subjects prior to testing (Appendix A). Any subjects carrying injuries to the
lower limbs were excluded from participating in the study.
3.2

Data Collection

Data collection cons isted of two separate tests undertaken in random order, these
being; a 40km ride followed by a 2km run (cycle/run) and a I 0km run followed by a
2km run (run/run). These tests were canied out at leas t a week apart. The run/run
condition was designed to control for fatigue, as fatigue is known to alter the EMG
signal (Oberg, 1995; Redfern, 1992; Winter, 1990). Since the level and inllucncc of
fatigue on EMO durinR different types of prolonged exercise has not yet been
recognised, the length of the run in the run/run condition was designed using energy
expenditure (Hausswirth ct al., 2000) as described below.
To calculate a run distance equivalent to 40km of cycling for the initial run in the
run/run condition, it was considered that al\ subjects weighed between 70kg and
80kg and therefore expend approximately 780 kcal during a I hour cycle. Running at
a 4km race pace expends approximately 19. I kcal per minute, this equates to 40
minutes of running equalling I hour of race pace cycling (McArdle, Katch. & Katch.
1996). Consequently, the subjects in this study cycle 40km in approximately I hour
and run 10km in approximately 40 minutes depending on the course therefore, a
10km run was deemed to be equivalent to a 40km cycle.
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All testing was carried out on a set course, in the Perth suburb of Shelly, with the
subjects using their own bikes, Subjects were instructed to perform a suitable warm
up prior to each testing session. The course used for cycling and running was
controlled for all subjects. The environmental conditions such as time of day and
weather conditions were monitored for similarities, as were the cycle and run times
of each test to reduce variability between subjects and trials. It is known that cadence
alters the EMO activity of the lower limbs in cycling (Gregor, Broker, & Ryan,
199i). Therefore, to reduce the effects of different cycling cadence between the
subjects and its possible effect on muscle activation in running, subjects were
instructed to reduce gears and increase cadence to maintain speed 1km prior to
transition from cycle to run.
Data was collected via a portable
Mega

Electronics

ME3000

eight

channel EMO .data logger. (Mega
Electronics, Finland) with a mass of
590g. EMO and acceleration data
were measured at lOOOHz (8-500 Hz
bandwidth) over the duration of the
2km run for both the · run/run and
cycle/run conditions (Figure 3). EMO
data were collected from the vastus
lateralis (VL), vastus medialis (VM),
rectus femoris (RF), biceps femoris
(BF), gastrocnernius (GS) and gluteus
maximus (GM). These muscles were
chosen

due

to

their

important

Figure 3. Mega Electronics ME3000
portable EMO data logger with
electrodes and accelerometer
attached.

contributions to. both running and
cycling.
During the transition period prior to commencement of each 2km run, the datalogger
was set to record continuously. The run was timed and typical triathlon speed was
maintained by checking the subject's times to reach 1km and 2km.

17
·31-08)
ertified

To minimise variability between subjects and testing sessions, EMO electrode
placement followed the guidelines of Hermens, Freriks, Disselhorst-Klug and Rau,
(2000). Electrode positions were measured and marked on the skin with a waterproof
marker before subject preparation, which involved shaving and abrading the skin
followed by cleaning the area with an
alcohol swab. Once the skin was dry,
bipolar 3M Red Dot Ag/AgCl surface
electrodes with a diameter of 30mm
were adhered to the skin (20mm inter
electrode

distance)

parallel

to the

muscle fibres over the respective muscle
sites on the

subject's

right side.

Electrodes were secured to the skin with
Beiersdorf Fixomull™ stretch tape to
ensure that they remained attached to
the skin during testing.
Pre-amplified cables, one channel per
muscle,

were

connected

to

each

electrode pair and ground electrode as
shown in Figure 4. These cables were
attached to the datalogger, which was
worn in a pouch .around the subject's
waist throughout each test. Pilot testing
confirmed that the equipment did not
Figure 4. Electrode attachment and

dist.urb normal running, particularly

configuration

with the use of lycra tights worn over
the electrodes to minimise movement of
the cables and enhance subject comfort.

Typically in gait research a footswitch is used to determine heel strike and toe-off via
a digital pulse. Due to the extent of testing and the distances to be run in this study, a
more robust method was required for the determination of these variables. Initially,
video was considered as a method of determining heel strike and toe-off however,
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this would hnvc required additional resources such as camera operators and the
design of a syrn;hronisation method bet ween video and EMG. To cl i minatc thcse
problems an accelerometer was attached with tape above the subject's ankle wi I h its
axes aligned to the in tended di rc<..:t ion of accc leration to rcconJ heel s! ri kc and toe-off
for each stride. The method in which heel strike and toe-off were determined from
the accelerometer is described below.

3.3

Determination of Heel Strike and Toe-OIT Using an Accclcrometu

Ptior to testing, the method of using the accelerometer to determine heel strike and
toe-off was evaluated. This was done via synchronised data collection at l OOOHz
from a Kistler 9287B piezoelectric force plate (Kistler Instrument Corp. Switzerland)
and a bi-directional ± 1.250 2 accelerometer (Mega Electronics, Finland).
True heel strike and toe-off was determined via inspection of the Fz component of the
ground reaction force measured from the force plate (Fz is the component of force in
the up and down direction). The beginning and end of the Fz signal \Vas regarded as a
high I y precise measurement with which the reliability and accuracy of the
accelerometer in determining heel st1ike and toe off could be ..::omparcd ffigure 5).
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Figure 5. Fz component of ground reaction force from the Kistler force plute
showing true heel strike and toe-off.
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subjects and lack of specific pattern, the points of heel strike and toe-off were unable
to be identified accurately from this pattern. A more detailed comparison of Ay data
from the hip and the ground reaction force (Fz) is shown in Figure 8. The precise
points of heel strike and toe-off were unable to be identified from the accelerometer
output due to its positioning.
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Figure 7. Pattern of acceleration in the Y-direction (Ay) during running with
accelerometer attached to the hip.
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Figure 8. Detailed Fz component of ground reaction force and acceleration in the Y
direction (Ay ) data with accelerometer attached to the hip.
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Alternatively, the accelerometer was attached to the riglil ankle above lhc lateral
mallcolus with Ay aligned to the long axis of the tihi,1. The pauern from this
atiachment was more clearly distinguishable with little variation between subjects
(Figure 9). Furthermore, the attachment of the accelerometer was more secure due to
the wrapping of tape around the entire limb to reduce any extra movement of the
ac.:::Jlcromcter.
Figure 9 shows a highly repeatable pattern of heel strike and toe-off when the
accelerometer was attached to the ankle. This pattern was similar across all subjects
with a major spike. representing heel strike and a smaller spike representing toe-off,
which is in agreement with the findings of Willemsen ct al. (1990). This can be seen
in more detail in Figure 10 where the exact points of heel strike and toe-off arc
shown in relation to the ground reaction force (Fz).
The time lag refers to the elapsed time between actual heel strike and to:!-off as
measured by the force plate and these same variables estimated from the
accelerometer respectively (Fig'.:.-e JO). Preliminary testing revealed the time lag was
related to the distance that the accelerometer was positioned away from the impact
point, in this case the foot. A "rigid" structure was used to verify time lag as it was
expected that once force was registered acceleration would be registered very shonly
after.
To verify the existence of a time lag the accelerometer was attached at pre
determined distances away from the base of a l m long timber post. The post was
struck against the force plate with three trials at each distancL, 10cm, 30cm, and
40cm from the impact point. The points of force plate and post contact, and contact
as registered by the accelerometer clearly verify the existence of a lag time between
force plate and accelerometer data (Figure 11). In this figure the time Jag is shown
not as the first instance of change in the pattern, but at the point of highest positive
acceleration. This is in keeping with the heel strike and toc�off measurements that
were found to be spikes in the accelerometer pattern (Willemsen ct al.. 1990).
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Figure 12 shows the lag times at each of the three distances of attachment from the
base of the post. This clearly indicates that the further away the accelerometer is
from the point of impact, the greater the time lag. Again, this highlighls the definite
existence uf a time lag between force and accelerometer measurement.
To c.:ilculatc the lag time for trials with the accelerometer attached to the ankle of the
subjects, the raw data were graphed and the heel strike and toe-off peaks determined.
Time lags from the ankle trials were compared for all subjects to ensure consistency.
Table l shows the lag times for heel strike and toe-off in addition to the summary
statistics for each trial.
Table I
Lag times in seconds between the F1 component of ground reaction force and A j' data
for heel strike and toe-off.
Trial Number
Subject

1

2

4

3

5

HS

TO

HS

TO

HS

TO

HS

1

0.068

0.011

0.071

0.012

0.068

0.011

0.070

2

0.072

0.068

0.068

0.071

0.068

3

0.058

0.059

0.059

0.066

0.067

4

0.065

0.020

0.061

0.017

0.061

0.013

0.059

0.014

0.060

OJl!S

5

0.063

0.013

0.061

0.015

0.061

0.014

0.064

0.016

0.061

0.015

6

0.066

Mean

0.065

0.015

0.066

0.015

0.064

0.013

0.066

0.015

0.064

0.016

SD

0.005

0.005

0.006

0.003

0.004

0.002

0.005

0.001

O.OlB

0.001

0.073

0.064

TO

o.o l 5

0.063

HS

TO

0.064

0.017

0.063

Note: HS= Heel Strike, TO= Toe-off, SD= Standard Deviation
The average lag for heel strike taken from the above data, was 65 ±Sms and 15 ±3ms
respectively for heel strike and toe�off (Table 2). These lag times were used to ensure
accuracy in the processing of subject data.
It can be seen that there are large variations between the lag times taken during run
testing (Table 1) and those measured with the accelerometer attached directly to the
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post (Figure 12). This is in part due to the cushioning properties of running shoes
worn by the subjects, as when a single barefoot trial was undertaken in pilot testing
to determine the effect of footwear on the accelerometer, the. lag time was 36ms.
Further, the structural complexity of the ankle joint makes it more compliant to the
impact than the post, thus increasing the lag time.
As can be seen in Table 1, subjects 2, 3 and 6 did not clearly show toe-off from the
accelerometer signal. In the case of this occurring during field testing, an alternative
method of identifying toe-off was investigated. Using the acceleratjon pattern in the
X-direction, a model was identified to determine toe-off consistently for every
subject, making this a repeatable measure. Figure 13 shows this pattern.
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Figure 13. Comparison of acceleration in the X-direction (Ax ) and in the Y-direction
(Ay) with the Fz component of the ground reaction force for the
determination of an alternative method of estimating toe-off.
Figure 13 indicates the point in the Ax pattern where toe-off occurs. The
accelerometer used in this study was restricted to a ±l .25Gz range of measurement
causing some of the accelerometer signal to be cut off as can be seen occurring
between 0.3 and 0.4 seconds at l.25Gz and -l.25Gz . Therefore, it was necessary to
determine the point at which toe-off occurred from the A x pattern. This was
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estublished by matching up both the time lag and the point of' the toe-off spike from
Ay, which was calculated to be at a point 7YYri of the time aflcr signal cut off.
3.4

Data Analysis

Due to the large data files generated during testing (in the order of 70-SOMB), data
were sectioned into three stages of six strides using the accc'.lcromeler measurements
to detem1ine heel strike and toe-off. These stages were lhc first six strides once race
pace had been reached (time I), the last six strides of the first kilometre (time 2) and
the last six strides of the second kilometre before slowing occurred (time 3). The data
was sectioned via a customised program written in LabVlEW 5. 1 (National
Instruments, USA) and divided into three text files representing times one, two and
three respectively. Data were analysed by another customised LabVIEW soflware
program to calculate two variables, they being; level of activation and time of
activation. The stages of processing involved in the calculation of these vaiiables arc
outlined in Figure 14.
3.4. l

Level of Activation

The raw EMG signali; from each of the six channels of muscle activity were root
mean square (RMS) processed using a 25 millisecond (ms) moving window
(Nawoczenski & Ludewig, 1999). Swing and stance phases of the running stride
were identified from the accelerometer data and each stride was lime nonnalised
from O to 1000 via a cubic spline. �MS values were then normalised to lhc average
maximum value observed for each subject in each condition to allow for comparison
of EMG data between subjects (MacIntosh et al.. 2000). The average RMS value for
each section was computed for all subjects and expressed as a percentage of the
individual's maximum RMS value (MacIntosh et al., 2000).
To provide a qualitative analysis of EMG activation, the raw EMG data were full
wave rectified and l ow pass filtered with a Butterworth digital filter (fcutoff - 5Hz) to
form linear envelopes from which ensemble averages were calculated for each
muscle over each of the three sections of six strides. The measure of variation
between strides for each subject was determined from the time nonnaliscd data via
the coefficient of multiple co,rclation (Kadaba et al.. 1989).
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3.4.2 Time of Activation
The time of activation was determined from the ensemble average by calculaling a
threshold (10% of maximum amplitude) to determine the onset and offset of muscle
activation (Pinniger ct al., 2000). Using Microsoft Excel this threshold was applied to
the ensemble average to determine the lime of activation. This value was calculated
for each of the six muscles (RF, BF, VI..., VM, GS and GM) and represented as a
percentage of the stride phase (flight and stance).

3.5

Statistical Analysis

The independent variables were three levels of time (at the 0km, 1km, 2km stages)
and two levels of condition (cycle/run & run/run) for both stance and flight phases of
the running stride (Table 2). The dependent variables were level and time of
activation for each of the six muscles measured. These variables were compared
using a factorial ANOV A with two within-subject vari.::.bles, as each subject
partidpated in each condition. Comparisons between the conditions were made by
examining condition across the independent variable, time. Further comparisons
were made between the two separate conditions at each level of time to find
significant interactions. Individual comparisons were made for significant F·values
using dependent Mests to determine where the differences occmTed. All statistical
testing was carried out using the Statistical Package for Social Sciences (SPSS 10.0)
software. Differences were considered statistically significant at P values of <0.05.
Table 2
Diagrammatic view of statistical design for stance and flight related variables.
TIME
0km

CONDITION

lkm

2km

Cycle I Run
Run-/ Run
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Raw data cut to three sections of
six strides using the accelerometer
paucrn.

LEVEL OF ACTIVATION

Raw data RMS
processed with 25rns
moving window.

Stance and night
phases time
nonnalised 0-1000.

,

.

Each subject's data is
self normalised to their
average peak RMS
value for the
RUN/RUN section.

RMS values presented as
a· percentage of thr
individual's average
peak rms value from
each condition.

RMS percentages of max
for each subject at each
of the three stages are
presented as a mean for
statistical com pati son
ANOVA.

Raw data fu II wave rcci ti fied
and fil tered to form LINEAR
ENVELOPES
Stance and night phases time
nonnaliscd 0-1000.

Ensemble Averages
calculated and used
to represent data
graphically.
TIME OF
ACTIVATION

+
l Determine
onset and
offset time via a

Measure of stride
to stride
re peatabi Ii t y
detcnnined from
coefficient of
multiple
correlation of time
normalised data.

'-------·-

threshold detector ( I 0%
of the maximum
amplitude of the six
steps selected for
analysis).

,,
Apply threshold
detector to ensemble
average of EMO
signal.
Represent time of
activation for each
muscle as a
percentage of flight
and stance phases of
the stride cycle.

'---------·Figure 14. Di agrammatic view of processing methods
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CIIAl'l'ER FOUR
4.0 1U£SULTS
This section outlines the results obtained from the analysis of the VL, YM, BF, RF,
GS, and GM during flight and stance for measurements taken over 0km, I km and
2km. The results are presented in three sections as follows; �trick to stride
repeatability of lower limb EMG, time of activation and level of activation. A p
<0.05 level of significance was selected to establish differences between variahlcs.
No significant interactions between condition and time were found however,
significant differences were found between the run/run and cycle/run conditions for
several muscles and significances were also found to occur over times one, two and
three. These results will be elaborated upon later in this section.
Data during testing was collected via a data logger. Raw EMG profiles of all six
muscles and accelerometer data for the Y-direction (A y ) are shown in Figure 15.
Examination of the raw EMG profiles was necessary to ensure data was allefact free.
As described previously, the raw accelerometer data (A y) was used to determine the

r Jints of heel strike and toe-off for data separation into flight and stance phases.

4.1

Stride to Stride Repeatability of Lower Limb EMG

The coefficient of multiple correlation (CMC) was used to measure the similarity of
the processed EMG waveforms between the six strides from each of the three
measured times for all subjects in this study. Similarities of waveforms arc depicted
by CMC values that are closer to 1.0 (Kadaba et al., 1989). The average CMC values
for each muscle in the cycle/run and run/run conditions are shown in Tables 3 and 4.
These values indicate a highly repeatable EMG pattern for all subjects across all
muscles for both the flight and stance phases of the running stride. Therefore,
averaging over several strides to obtain quantified EMG values such as the linear
envelope and RMS is a valid approach for this data.
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Figure 15.

Raw EMG profiles and Ay signal from a representative subject for
six muscles, RF (rectus fernoris), VM (vastus medialis), VL
(vastus lateralis), GS (gastrocnemius), GM (gluteus maximus) and
BF (biceps fernoris). The narrow spike on the Ay pattern represents
heel strike.
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Table J
Mean Coefficient of Multiple CrnTclmion results for the cycle/run con<litic.n.

TIME2

TIME I

TIME 3
STANCE FLIGJ-rl.

STANCE

FLIGHT

STANCE

FLIGHT

RF

0.964

0.961

0.979

0.956

0.944

0 917

VM

0.949

0.972

0.968

0.968

0.975

0.986

BF

0.863

0.9Cl9

0.883

0.974

0.862

0.966

VL

0.975

0.982

0.962

0.986

0.974

0.982

GS

0.946

0.967

0.957

0.937

0.883

0.898

GM

0.932

0.944

0.904

0.933

0.926

0.880

Note: RF= Rectus Fcmoris, VM = Vast us Mcdia\is, BF= Biceps Femoris. VL = Vastu.� Lateral is.
GS= Gastrocncmius. GM= Gluteus Maximus

Table 4
Mean Coefficient of Multigle CotTelation resulls for the run/run condition.
TIME2

TIME I

TIME 3

STA��CE FLIGHT

STANCE

FLIGHT

STANCE

FLIGHT

RF

0.952

0.967

0.959

0.961

0.937

0.955

VM

0.959

0.984

0.961

0.985

0.967

0.979

BF
VL

0.870

0.980

0.821

0.976

0.787

0.978

0.972

0.986

0.979

0.988

0.982

0.990

GS

0.895

0.879

0.934

0.868

0.877

0.872

GM

0.910

0.954

0.900

0.964

0.885

0.957

Note: RF= Rcctus Fcmoris, VM = Vastus Mcdialis. BF= Bkcps Femnris. VL = Vastus Laternlis.
GS= Gastrocnemius. GM= Gluteus Muxirnus
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4.2

Time or Adivation

The time of activation \vas dctennincd from the ens!;.!mblc average hy c,1lcu/ating a
threshold ( l()f;'i) or maximum amplitude) to determine the onset anti offset of •nusdc
activ:.ition.
The mean ±SD values for each muscle during the time of activation for the flight
phi.!Sc ure shown in Table 5. RF showed the highest time of activation and the
greatest variability among the sampled muscles during flight with 71.5 ±31.S r/t-, for
cycle/run and 64.7 ±10.8% for run/run. Statistically significant differences (pd).05)
were found for the main effect of condition for both the RF (F1.<J = 6.222) and VM
(F1.o = 10.064).
Table 6 shows the mean ±SD values for the time of activation during stance of each
muscle. The highest variance among subjects was in BF which was significant (Fi.CJ

=

6.236) with 78.3 ±13.1% and 90.9 ±11.7% for cycle/run an d run/run respectively.
Furthermore, VL displayed a significant difference across time (F::.rK = 4.708). Post
hoc statistical analysis via dependent I-tests found the significant di •Terence to have
occurred between time two (1km) and time three (2km).
Figure 16 graphically depicts the activation times for each of the measured muscles
in both conditions. Average stance and flight phases of all subjects were taken from
the accelerometer data for heel strike and toe off to give a clear indication of the ti me
of activation for each phase of the stride. A threshold of 10% of maximum activation
was applied to the ensemble average to determine when the muscle was firing.
Although not shown in this figure, low levels of activation do occur for the different
musck:s throughout the entire stride. This is highlighted in Figure 18 where the
activation of the VL for :t'n entire stride cycle is represented graphically.

Table 5
Means �nd standard deviations for time of activation during flight{%).
Variable
Biceps Femoris

Gluteus Maximus

Condition

Time

2

Cycle/Run
Run/Run
Marginal Mean
F- Time

58.1 (13.5)
59.5 ( 15.7)
58.8 ( 14.6)

Cycle/Run

40.2 (6.8)
47 .7 (2I.2)
43.9 (14.0)

Run/Run

Marginal Mean

Cycle/Run

Run/Run

Marginal Mean
F-Time
Rectus Femoris

Vastus Lateralis

Vastus Medialis

Cycle/Run
Run/Run
Marginal Mean
F- Time

(I I.I)
(17.3)
( 14.2)

60.9 (13.6)

Marginal Mean

F-Condition

57.6 (12.4)
62.2 ( !5.9)

0.123
F-I meraction
0.562

37.5 (9.7)
45.9 (21.0)

37.3 (14.0)
48.8 (22.7)
43.l (18.4)
2.353

35.0 (7.8)
41.3(19.l)
38.2 ( 13.5)

23.6 (3.0)
22.8 (7.9)
23.2 (5.5)

22.8 (4.1)
23.9 (7.6)
23.4 (5.9)
0.788

22.3 (2.5)
24.9 (6.0)
23.6 (4.3)

22.9 (3.'�)
23.9 (7.2)

73.4 (11.8)

67.3 (13.3)
66.9 (5.1)
67.1 (9.2)
0.462

73.7 ( 15.5)
60.6 (19.9)
67.2 ( [7.7)

7 l.5 (3 l.5)
64.7 ( [0.8)

32.9
32.3
32.6

66.G (7.4)
70.0 (9.6)

Cycle/Run

33.1 (S. !)

29.J (2.9)

Run/Run
Marginal Mean
F-Time

29.9 (6.7)
31.5 (7.4)

29.I (5.5l
29.! (4.2)
0.724

Cyde/Run
Run/Run
Marginal Mean

28.3
26.3
27.J

(2.4)
(2. l)
(2.3)

26.3 ( 1.8)
25.S (2. I l
26.l (2.0)
3.235

F-Time

3
58.4 ( 12.5)
63.5 (14.7)

0.556

F-Time
Gastrocnemi us

56.2
63.6
59.9

* Denotes significant di ffcrcncc ( p<0.05) bet \Veen eye le/run and run/run.

0.152
F-1 nteraction
0.559

( I 6.9)
(I l.2 l
( I-to)

26.S (3.4)

25.4 ( 1.8)
26. l (2.(1)

0.075
F-1 nteraction
0.142

6.222*
F-1 nterai::rion
3.059

31.7 (9.3)
J0.4 {7.S)

0.335
F-lnterai::tion

O. l 7S

27. t (2.5)

25.S (2.m

l0.064 "'
F-ln1era.:11,1n
l.230

Table 6.
Means and standard deviations for time of activation during stance{%}.
Variable
Biceps Femoris

Gluteus Maximus

Gastrocnemi us

Rectus Femoris

Condition
Cycle/Run
Run/Run
Marginal Mean
F-Time

73.4 (12.6)
9I.9 (9.2)
82.6 (I0.9)

Time
2
77.4 (l3.4)
87.7 ( 16.6)
82.6 ( 15.0)

Cycle/Run
Run/Run
Marginal Mean
F-Time

57.8
61.0
60.9

58.4 (9.7)
57.0(6.1)
57.7 (7.9)

52.5 (7.5)
61.4 (8.6)
57.0(8.1)

56.2 (8.6)
60.8 (I0.2)

Cycle/Run
Run/Run
Marginal Mean
F-Time

81.9 (3.9)
83.6 (7.3)
82.8 (5.6)

83.9 (6.7)
83.1 (8.4)
83.5 (7.6)
0.857

82.5 (4.4)
85.7 (6.6)
84.1 (5.5)

82.8 (5.0)
84.2 (7.4)

Cycle/Run
Run/Run
Marginal Mean

61.8
63.3
62.6

60.5
62.6
61.6

(8.1)
(9.8)
(9.0)

66.0 (8.9)
67.0 (8.6)
66.5 (8.8)

62.8 (7.9)
6-U {IO.Ol

I

(8.7)
( 16.0)
(12.4)

(6.6)
(11.5)
(9. l)

F-Time
Vastus Lateralis

Vastus Medialis

2.279

0.088

3.36[

3

84.0(13.3)
92.9 (9.3)
88.5 (11.3)

Marginal Mean
78.3 (13.1)
90.9 (11.7)

60.0 (6.2)

58.9 (-1.8)

60.0 (6.5)

60. l (8.5)

59.0 ( 12.6)
59.5 (9.4)

55.0 {8.9)
57.0 (6.9)
-l.708**

58.7 (8.0)
59..4 (7.3)

57.6 (9.9)

Cycle/Run

60.3 (6.2)

58.9 (4.8)

59.7 (5.9)

58.4 (7.4)
59.4 (6.8)

56.1 (7.J)
57.5 (6.1 l
2.145

60.0 {6.5)
57.7 (6.4)
58.8 ( 6..i)

Marginal Mean
F-Time

* Denotes significant difference (pd).05) between cycle/run and run/rnn.
** Denotes significant difference (p<0.05) across times I. :2 and 3.

6.236*
F-Interaction
0.578
0.154
F-1 nteracti on
2.433
0.744
F- Interaction
0.001
0.032
F-1 meraction

O . .W ""'

Cycle/Run
Run/Run
Marginal Mean
F-Time

Run/Run

F-Condition

57.-1 (7.0)

25 I 0
F-I nteraction
0.446

.� ..�91
F-1 n1cr:1..:ti ,m
O.l.�7

llllli cycle/run
IIIllllll run/run

TO

HS

TO

VASTUS
MED1ALIS
I

VASTUS
LATERALIS

RECTUS
FEMOR!S

'
GASTROCNEMIUS

GLUTEUS
f.AAXIMUS

*

BICEPS
FEMORIS

0

Figure 16.

FLIGHT

STANCE

1000

Normalised time of EMG activity for all six muscles for the cycle/run
and the run/run expressed as percent of cycle (flight occupied 77%
and stance occupied 23%) with standard deviations shown. TO is toe
off and HS is heel strike. Significant differences (p<0.05) between
conditions are indicated by

*.
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4.3

Level of Activation

Statistical comparisons of RMS values for muscle activation levels in flight (Tahlc 7)
found significunt differences between condition for the VL (F 1 ,,J =7.9BO) with l<i.7
±2.4% for cycle/run and 15.7 ±l.8%1 for run/run. VM displ..1yed a significant
difference across time (F2 .111 = 4.785) and post-hue analysis via a dependent t-tcst
found the difference occurred between time one (0km) and time three (2km)
indicating a reduction in the level of activation of this muscle during flight as the run
progressed.
The statistical analysis of RMS values for muscle aclivation levels during stance is
shown in Table 8. Two significant differences were found to occur bct\veen
conditions. The first of these was in the BF (F,.9 = 6.354) with values of 29.6 ±8.57
for the cycle run condition and 33.5 ±6.1% for run/run. The second was VL (F 1 .'J =
7.334) with 21.7 ±4.3% for cycle/run and 19.6 ±3.1% for run/run.
The differences found between conditions for the BF arc rep resented via ensemble
averages in Figure 17. Higher activation levels were recorded for the BF in the 2km
run for the run/run condition. A difference in the level of activation between
conditions was also found for the VL and is represented gra phically in Figure 18.
This clearly indicates a lower level of activation in the run/run condition for the VL.
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Table 7
Means and standard deviations for level of activation during flight(%).
Variable
Biceps Femoris

Gluteus Maxi mus

Gastrocnemius

Rectus Femoris

Vastus Lateralis

Vastus Medialis

'.,;J
00

Condition

I

Cycle/Run
Run/Run

26. l (4.2)
23.8 (3.3)

Marginal Mean
F-Time

25.0 (3.8)

Cycle/Run

19.l (3.7)
18.4 (7 .3)
18.S (5.5)

Run/Run
Marginal Mean
F-Time

Time

2

25.4 (4.7)
23.7 (4.3)
24.6 (4.5)

3

Marginal Mean

F-Condition

25. I (5.3)
23.1 (3.4)
24. l (4.4)

25.5 (4.7)
23.5 (3.7)

1.657
F-Interaction

0.663
18.6 (4.0)
17.6 (5.l)
18.1 (4.6)
0.381

0.148
17.7(4.3)
18.1 (6.3)

18.4 (4.0)
18.0 (6.2)

17.9 (5.3)

F-1 meraction
0.233

Cycle/Run
Run/Run
Marginal Mean
F- Time

14.9 (1.8)
12.6 (2.6)
13.8 (2.2)

12.3 (2.7)
12.8 (2.7)
12.6 (2.7)
2.275

13.2 (2.9)
14.4 (4.0)
13.8 (3.5)

13.5 (2.5)
13.3 (3.l)

Cycle/Run
Run/Run
Marginal Mean
F- Time

23.3 (4.5)

22.0 (4.1)

21.8 (4.0)

22.3 (4.2)

20.7 (3.7)
21.3 (3.9)

21.3 {2.9)

16.7 (2.4)
15.7 ll.Sl

21.7 (2.8)
22.5 ( 3.7)

21.5 (2.2)
21.7 (3.2)
1.646

Cycle/Run
Run/Run
Marginal Mean
F-Time

17.J (2.5)

16.2 ( l.8)

16.7 (2.8)

l 6.0 ( 1.7)
16.7 (2. l l

15.6 ( 1.9)
15.9 ( 1.9)

15.5 {2.0l
16.1 (2.4)

Cycle/Run
Run/Run
Marginal Mean
F-Timc

14.9 (2.0)
14.7 (2.2)
14.8 (2.1 l

14.9 (2.7)
14.0 ( 1.6)
14.5 (2.2)
4.785**

14.3 ( 2.3)
13.4(1.2)
13.9 ( I.Sl

* Denotes significant interaction between condition ( p<0.05 ).
* * Denotes signi fie ant interaction across ti me ( p<0.05 ).

1.373

0.111

0.648
F-1 meraction
2.170
1.767
F-I meraction
0.261
7.9SO*
F- l ntera�ti,,n

0.385

14.7 (2.3)

1-U tl.il

0.651
F-I ntcracti on
U.:!75

Table 8
Means and standard deviations for level of activation during stance(%}.
Variable
Biceps Femoris

Gluteus Maximus

Gastrocnemius

Rectus Femoris

Vastus Lateralis

Vastus Medialis

Condition
Cycle/Run
Run/Run
Marginal Mean
F-Time

I
27.2 (7.7)
33.4 (7.5)

3
32.5 (8.4)
33.2 (4.5)
32.9 (6.5)

Marginal Mean
29.6 (8.5)
33.5 (6.1)

30.3 (7.6)

31.6 (7.9)
2.008

Cycle/Run
Run/Run
Marginal Mean
F-Time

23.1 (5.6)
24.0 (6.6)
23.6 (6.1)

21.9 (3.3)
22.4 (6.8)
22.2 (5.1)
0.216

21.1 (5.4)
23.5 (3.2)
22.3 (4.3)

22.0 (4.8)
23.3 (5.6)

Cycle/Run
Run/Run
Marginal Mean
F-Time

33.9 (6.7)
36.5 (6.5)
35.2 (6.6)

34.1 (6.5)
35.7 (5.5)
34.9 (6.0)
2.763

35.0 (6.6)
38.6 (7.3)
36.8 (7.0)

34.3 (6.6)
37.0 (6..4)

Cycle/Run
Run/Run
Marginal Mean
F-Time

26.8 (6.7)
25.0 (5.6)
25.9 (6.2)

25.9 (5.2)
24.0 (3.1)
15.0 (4.2)
0.799

27.8 (8.1)
25.7 (5.4)
26.8 (6.8)

26.8 (6.7)
24.9 (4.7)

Cycle/Run
Run/Run
Marginal Mean
F-Timc

22.4 (5.3)
18.7 (3.0)
20.6 (4.2)

2 U iJ.J)

21.3 (4.2)
20.5 (2.7)
20.9 (3.5)

21.7 (4.3)
19.6 (3.1)

Cycle/Run
Run/Run
Marginal Mean
F- Time

22.1 (4.3)
19.8 (4.7)
21.0(4.5)

20.4 (4.2)
19.5 (3.2)

21.2 (J.Q )

* Denotes significant interaction between condition (p<0.05).
'..,J

Time
2
29.2 (9.4)
34.0 (6.3)

19.5(3.5)

20.4 (3.4)
0.[49
2 !.l ( J.3)
[9.8 \4.2)
20.5 (3.8)

1.208

20.0 (J.7)

F-Condition
6.354*
F-1 meraction
1.080
0.587
F-1 nteraction
1.196
0.190
F-1 nteraction
0.397
1.454
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CHAl'l'ER FIVE
5.0 DISCUSSION
This study sought to collect data specific to triathlon by testing outdoors on a pre
designed and measured course to examine the effect of cycling on lower limb muscle
activation in running The variables quantified for examination were the time of
muscle activation and the level of muscle activation. The repeatability of the EMG
wavefonns for each of the lower limb muscles measured over the 2km run from boih
the run/run and cycle/run condition was also examined. To the author's knowledge,
limited research on muscle activation in running after cycling has been documented
therefore, this discussion will draw from infonnation in the literature for running and
cycling individually in addition to kinematic findings on the transition from cycle to
run.
Possible factors influencing the results are outlined prior to the discussion of the
results obtained. The stride-to-stride repeatability is discussed followed by the
findings for time of activation and level of activation for selected lower limb
muscles. Finally, the practical implications for training of the triathlcte are outlined.

S.1

Factors Influencing the Results

The results in this study may have been influenced by environmental conditions, the
difficulty of controlling for fatigue when undertaking different types of activities,
and a problem consistent with all quantitative research, equipment.
5.1. l

Environmental Conditions

Although this study simulated a triathlon by testing in the field, there was an absence
of competitors, spectators and general triathlon competition atmosphere that may
have altered the performance of the subjects.
Wind speed was monitored at the transition area and remained under I0km/h for all
tests. Due to the size ar.d distance of the course wind speeds may have varied at
different points around the course and affected the subjects accordingly. Climate
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changes within tests were inevitable due to lhc timt.! taken for each test,
approximately 2.5 hours for the cycle/run and 1.5 hours for the run/run.

5. l.2 Level of Fatigue in Running and Cycling
The surface EMO signal changes when muscles arc faligued (Redfern, 1992) and for
this reason the cycle/run condition was compared with another condition run/run.
Unfortunately, the levels of muscle activation and type of muscle contraction of the
VL, VM, RF, BF, GS and GM arc different in running than in cycling and therefore,
it is impossible to expect that the extent and type (central or peripheral) of fatigue of
these muscles after 40km of cycling can be equalled by 10km of running. For the
purpose of this study, the results were considered assuming equal fatigue from the
two conditions however, it is acknowledged that the levels of fatigue may have been
different.

5.1.3 Equipment Issues
During the testing period two channels of the datalogger ceased to operate and
testing was delayed until new channel cables were sent from the equipment
manufacturer in Finland. On examination of the raw data, artefacts were found to
exist in these channels for seveml subjects, which led to low sample numbers of
unaffected data for the GS and GM muscles. A lack of significant differences fur
these muscles may have been a consequence of this. Due to these problems and the
lack of any significant observations being available for GS und GM they will not be
discussed in the following section.
The abovementioned equipment problems also delayed the completion of testing,
which ended up being done over three to four months instead of the intended two
moi1th period. This led to slight variations in the weather conditions for some
subjects.
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5.2

The Effect of Cycling on the Activation of the Lower Limb Muscula�ure
During Running

Previous studies examining the hiomcchanics of the cycle to run transition huvc
concentrated on the variables of stride length, stride frequency, kinematic tlala, and
EMG affecting the nmning stride (l-lausswirth, Bigard, & Guczcnncc, 1997;
Hausswirth ct al., ::WOO; Lepers, Millet, Maffiutctti, Hausswirth, & Brisswaltcr, 200 I;
Quigley & Richards, 1996). This discussion will examine the significant differences
found for the level and time of muscle activation in this study and discuss these in
relation to previous kinematic and EMG findings.
The differences examined for this study arc those measured in the first 2km of
running after transition where the greatest variations in the kinematics of running
after cycling have been recorded (Gottschall & Palmer, 2000).

5.2.1

Stride to Stride Repeatability

Examination of the CMC values obtained in each of the conditions revealed that the
repeatability of the EMG wavcfonns for the selected lower limb muscles were very
high for both conditions, cycle/,un (stance 0.862-0.979, llight 0.880-0.986) and
run/run (stance 0.821-0.982, flight 0.868-0.990). Previous examinations of CMC
values in gait have been reported by Kadaba ct al. (1989). They reported within-day
CMC values of0.851 for GM, 0.883 for VL, 0.856 for RF, 0.871 for VM and 0.837
for BF. The CMC values found in this study compare quite fav ourably with all EMO
repeatability measures found in gait, and on average the results were higher than
those obtained by Kadaba et al. (1989). The lower levels of repeatability found in the
current investigation were from the GM and GS and this is expected due to the
previously mentioned equipment problems.

5.2.2 Time of Activation
In agreement with the original hypothesis, that the time of activation

or the sampled

leg muscles during running after cycling would be significantly different. differences
in the time of activation occurred between the cycle/run and run/run conditions for
the BF, RF and VM. Further, the time of muscle activation of the VL changed within
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the 2km test period highlighting a change in muscle activation during the initial
transition phase.

5.2.2.1 Biceps Femoris
The time of activation of the OF during stance was significantly greater in the
run/run condition compared to the cycle/run condition. Elliot & Roberts

(

1980)

found an increased support time in running when fatigued, which may in !11rn
increase the time of activation of the BF to extend the hip during the stance phase or
running in the 2km run following the 10km run.

5.2.2.2 Vastus Lateralis
The activation time of the VL increased between times two (1km) and three (2km)
during stance, highlighting an increased demand on this muscle in providing stability
of the knee joint throughout the 2km run period. The VL plays a role in increasing
joint stiffness by co-activating with the BF during stance (Kyrolainen, Belli, &
Komi, 2001). The increased time of activation demonstr.ued by the VL may occur to
provide improved stiffness as a precaution in stabilising the knee joint due to the
change from non-weight bearing cycling to weight bcaiing running activity.
An alternative reason for the increased activation time of the VL may be to
compensate for a more fatigued VM since VM has a slightly higher maximum
activation level in cycling. VL and VM work synergistical1y in stance to stubilise the
knee joint (Montgomery et al., 1994). In this study however, only the activation time
of the VL in stance was significantly different between conditions. Clements. Yates
and Curran (1999) in a study of triathlon injuries found the highest incidence of
injury to occur on the lateral side of the knee in the mnning stage of triathlon. This
may be a further implication associated with a longer time of activation of the VL.

5.2.2.3 Vastus Mcdialis
During !light VM was found to have a signiricantly greater time of activation during
the cycle/run condition compared with the nm/11111 condition. During tht: flight phase
of running, the VM functions to extend the leg in late swing in preparation for foot

strike whilst exhibiting a maximum activation of 5WYr1 (Montgomery ct al., I 994 ).
This ;nusc\c is also highly activated in cyding with a maximum activation level of
54%, (Ericson ct al., 1985).
There arc two possibilities for the extended time of activation of VM during flight.
Firstly, the change from predominantly concentric contractions of the VM in cycling,
where it is never fully extended, may impede its function in fully extending the knee
at the end of !light during the run. Secondly, Hausswirth ct al. ( 1997) found a grL:atcr
degree of knee tlexion to occur in the llight �hase! of running after cycling. As a
result, a longer contraction of the VM may Le required to extend the leg in
preparation for foot strike. Although Quigley and Richards (1996) findings were not
significant their results revealed slight increases in knee extension velocity in
running after cycling, which may further relate to the increased time of activation of
VM. Alternatively however, the small moment arm of the VM may mean that the
increase in knee extension velocity may also be related to the decreased eccentric
activation of the BF.

5.2.2.4 Rectus Femoris
RF showed a significantly greater time of activation during llight in the cycle/run
condition when compared to the run/run condition. During llight. the RF has its
highest activation of 22% of maximum as it Ocxcs the hip (Montgomery ct al.. 1994 ).
RF has a low peak activity of 12% during cycling where it functions as a knee
extensor (Ericson et al., 1985). When running velocity is increased. the main
function of the RF changes from knee extension to hip flex ion where Jt is required to
produce torque to bring the leg forward during swing (Nilsson ct al.. 1985). Since
these subjects were running at close to race pace, it could be considered that the RF
was acting more in hip llexion than in knee extension.
Hausswi11h ct al. (1997) found a greater knee angle during the flight phase in running
indicating greater knee flexion. If this is due to an incrcasc<l flcxmn velocity of the
knee joint then the RF would need to contract eccentrically to control hip extension
whilst contracting concentrically to flex the hip therehy requiring a longer
contraction time. Alternatively. increases in the time of <tctivation of the RF may be
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due to an incrc:1sed role in hoth flexing the hip and cxlcnding the knee during flight
due toils syncrgistii.:: role with the VL and VM.
5.2.3

Level of Activation

It was hypothesised that there would he changes in the level of activation of the
sampled leg muscles during runnmg after cycling. In this study significant
differences in the level of activation were found hctwccn the conditions, run/run and
cycle/run for the BF and VL. VM displayed a significant change in the level of
activation over the 2km test period.
5.2.3.1 Biceps Femoris
A significan·ly higher level of activation during stance in the run/run condition was
established for H, .vhen compared to the cycle/run condition. In running, BF has
previously been found to display a maximum level of activation of 52 (1/r during
stance where its role is to initiate hip extension (Montgomery ct al.. 1994). The
activation of the BF in cycling, in stark contrast to running, has been found to be
quite low with a maximum activation level of 12% (Ericson et al., 1985). It is
thought that the low activation levels experienced by the BF during cycling would
allow this muscle to remain relatively fresh when moving into the run leg where its
.functional demands would be expected to be somewhat higher.
A greater forward lean of tt:e trunk has been found in runners when fatigued (Elliot
& Roberts, 1980) in addition to running after cycling (Hausswi,th ct al.. 1997). A
greater forward trunk lean has been found to increase the activation of the BF dming
the stance phase of running (Wat-ik et al., 1998). Therefore, it is thought that the
higher demands placed on this muscle in the 10km run when compared with a 40km
cycle, would have exhausted this muscle to a greater extent prior to the 2km run.
Consequently, its level of activation would need to be higher to provide extension of
the hip during stance. Pinniger ct al. (2000) attributed a longer duration and higher
level of muscle activation in the hamstrings to occur in a fatigued state, due to a
decreased capacity of the muscles to continue to produce the necessary contractinns
to maintain function. It should be noted however, that under fatigued conditions the
amplitude of the EMG signal increases for a given task (Redfern, 1992).
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5.2.3.2 Vastus Latcralis
Activation level of the VL during stance was found to be signif icantly grcuter in the
cycle/run condition in this study. In running its has been found that the YL contracts
to stabilise the knee joint upon heel strike. According to Montgomery ct a!. ( I 994) it
is during this initial i:npact that the VL has its maximum activation of 78%,. The YL
also plays a major role in cycling by providing propulsion with maximum activution
levels of 50% (Ericson el al., 1985 ).
The increased level of activation of the VL in running after cycling, as shown in this
study, highlights the demands associated with knee stability when changing from a
non-weight bearing cycling activity to a weight bearing running activity. Kyrolainen
et al. (2001) found an increase in the stiffness of the knee joint when running under
fatigued conditions, which is thought to provide better force potentiation in push off
due to increased "tendomuscular elasticity". However, this would have affected the
knee musculature under both conditions in this study and thus is not recognised as a
major factor in the increased activation of the YL in stance.
The VL was also found to have a significantly greater level of activation during
flight for the cycle/run condition. During flight the VL is responsible for extending
the knee prior to foot strike (Nilsson el al., 1985). Maximum activation of the VL
during flight in running (32%) has been found to occur in late swing as the knee is
extending prior to foot strike (Montgomery ct al., 1994). Extension of the knee may
be made more difficult when changing from the concentric muscle activation in
cycling, where the knee is never fully extended, to the stretch shortening cycle in
running where its role in flight is to extend the knee. A study of the effects of cycling
on running mechanics (Quigley & Richards, 1996) recorded faster levels of knee
extension in running after cycling, implying a greater role of the knee musculature
during the flight phase and hence an increase in activation of the VL.
5.2.3.3 Vastus Mcdialis
During the flight phase of running, the level of activation of the VM was found to
reduce significantly between times one (0km) and three (2km). This highlights the
initial difficulties with extension of the leg due to changes in muscle contraction
types during the· transition from cycling to running. Further, an adaptation of the
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muscle to the changes in muscle contraction typc, as time progressed, is highlighted
by the subsequent decrease in the activation level of the VM Juring llighl.

5.3

Training lmulications

The findings from this investigation highlight changes associated with individual
muscle function when changing from cycling to running. Millet, Millet and Candau,
(2001) and Quigley and Richards (1996) found no specific reasons for trimhletcs to
train specifically for the cycle to run transition however, it should be noted :hat
testing in both these instances was undertaken in laboratory situations using cycle
ergometers and treadmills.
The current investigation is to the aui.hor's best knowledge, the first of its kind to be
undertaken entirely in the field and the findings of this study highlight a definite need
for specific cycle to run transition training to be undertaken for Olympic distance
triathlons. It is interesting to note that the subjects in this study were elite t1iuth!etes
and it was previously found unnecessary for athletes at this level to train specifically
(Millet et al., 2001).
Interestingly, Clements et al. (1999) found that 65% of the triathlctcs interviewed in
their study had knee injuries from running, most of which occutTed on the latcr,11 side
of the knee. Several other studies of triathlon injuries {Vlcek & Garbuu. 1998:
Williams et al., 1988) also found a high incidence of knee injury amongst triathlctcs.
Unfortunately, these studies did not consider the transitional changes in relation to
the aetiology of injury however, they found the highest incidences of knee injury
tend to occur during running.
Mannincn and Kallincn (1996) found that the change from a non-weight bearing
activity such as cycling to weight bearing activity such as running tended to cause
the most complaints and suggested that the change from a predominantly concentric
to stretch shortening muscle contraction may be the cause of this. Therefore. the high
levels of activation found in the VL, VM and RF in this study may be implicuted in
the common occurrence of knee injuries in triathletes.
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5.4

Conclusions

Two hypotheses were proposed for this study. Firstly, it was hypothesised thal there.:
would he significant differcrn.:es in the level and time of activation of the sampled leg
muscles during running after cycling. This was found to he the case for the BF, VL.
VM, and RF. Secondly, it was hypothesised that there would he a signifkant
interaction between the conditions of cycle/run and run/run unfmtunately this

Wi..!S

not confinned in this study. The following conclusions, within the limitations of the
study, can be drawn from this investigation:
•

BF is not highly activated in cycling and remains relatively fresh allowing a
smooth transition from cycling to run ning.

•

The change from concentric muscle activation in cycling to stretch shortening
muscle activation in running affects the ability of the VL and VM to extend
the knee in the flight phase of running.

•

A reduction in the level of VM activation during the 2km run suggests an
adaptation to the transition between cycling and running over time. where
extension of the knee becomes progressively easier.

•

The change from non.weight bearing cycling activity to weighl bearing
running activity compromises the norr,al functi on of the VL and VM
highlighting difficulties in stabilising the knee joint.

•

Due to biomechanical changes of the lower limbs, in running after cycling. it
is necessary to train specifically for the cycle to run transition for an Olympic
distance triathlon. Specific training may improve performance and reduce the
risk of injury.
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Recommendations for lturlher Research

5.5

To further investigate the effect of cycling on muscle activation

111

nmnmg more

research is needed. Questions arising from this investigation and specific areas of
importance include:

•

Research into the effect of cycling on lower limb muscle activt.1tion in novice
triathlctes to determine the effects of experience on the transition from cycle
to run.

•

Explore changes in lower limb muscle :Jctivation during the transition from
cycle to run in trit.1thlons of varying length.

• Examine the effects of training specificity for the cycle to run transition and
its effect on lower limb muscle :Jctivation in running after cycling.
• Investigate ways to equally fatigue different lower limb muscles in different
activities so that studies may control for fatigue COITCctly.
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The effect of cycling on muscle sctivstlon In the running leg of an
Olympic distance trlsth/on
B.ilckground Information
Anecdotal reports suggest tlrnt the transition from cycling to running in triathlon 1s
the most difficult. A loss or coordination or the feeling of "jelly in the legs" is often
described by athletes in this sitm!tion. Severn] factors have hccn implicated in this
feeling, including the change from non-weight bearing activity, such as cycling, to
weight bearing activity, such as running both of which have different types of muscle
contraction.
The ability to run well off the bike in triathlon may well determine the success of the
athiete to finish in a good position. In some Olympic diswncc triathlon events
drafting has been legalised, this has increased the impo11ancc or the run leg in
t1iathlon, making the transition from cycle to run of utmost importance.
A limited amount of research has been done regarding the muscle activation in
running afler cycling Furthermore, what research has been undertaken has been done
in laboratory situations. Specific measurements under realistic conditions will help to
examine the true effects of this transitional period.
Purpose of the Proposed Research
The purpose of this research project is to determine the effect of cycling on muscle
activation in running in an Olympic distance triathlon. The extent to which activation
changes and the level of change over the three measured sections of the 2km run will
be examined. To the investigators best knowledge stu<lies of this kind have mostly
been performed in· a laboratory situation using a cycle crgomcter and treadmill. This
study will provide a more realistic measure that will better relate to the specifics of
triathlon and the training associated with the sport.
Selection
Based on your perfonnance at the recently completed state Olympic dist.incc
championships you have.been selected as an appropriate candidate to undertake th e
study outlined below.
Methods and Procedure�
You will be required to perform two separate tests, they being a 40km ride followed
by a 2km run (cycle/run test) and then a I2km- run (run/run test) a week later. The
order in which you will perform these may vary. Each test will be conducted at your
appropriate race pace for an Olympic distance triathlon.
Prior to testing, your skin will he marked with permanent pen for electrode
placement, lightly abraded to remove dead skin cells, and wiped with alcohol.
Surface electrodes will be attached (via tape) to the gluteus maximus (buttock),
biceps femoris (hamstrings), rcctus fcmoris, vastus lateralis, vastus rnedialis
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( quu<lrkcps) and gastrocnemi us (calf). Data col Jccti on w i II hcgi n at the
1 11
commcm.:cmcnt of the 2km run in the cycle/run test, and at the beginning of the I I
kilometre of the I 2km run. As part of testing it is necessary for each subject to c:my
a portable EMG machine, weighing approximately l kg. in a pouch with a strap
around their waist.
From the collected data, three stages of six steps will he analysed for all muscles
across each of the subjects, The three stages will allow analysis of the muscle
activation changes within the 2km run period, this wi 11 be done for both tests and
then the two tests will be compared via computer analysis. There arc no risks over
and above those normally encountered during a typical training session or race.

Time frame
The cycle/run session will take approximately two hours and the run session
approximately one hour. Testing will commence in late June and continue in July
and August unti I completed. It is hoped that most testing wi II be completed within
the months of June and July.
Confidentiality of all subjects is assured. Individual feedback wi IJ be gi vcn to those
athletes who request it. You have the right to refuse to participate in this study
without prejudice, however if you decide to take part completion of both tests would
be highly appreciated.
If you have any questions regarding this study feel free to ring Tami ku Heiden on
I wish/ do not wish to participate in this study (please cross out as appropriate)
Athlete Name --------------Signature
Date

Investigator
Signature
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